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New urban design concepts should guide the inclusion and re-introduction of greenery and biodiversity
in the urban built environment. Preserving biodiversity in the face of urbanization, habitat fragmentation,
environmental degradation and climate change is probably one of the greatest challenges of our time. The
integration of trees, shrubs and ﬂora into green spaces and gardens in the city is particularly important in
helping to keep the urban built environment cool, because buildings and pavements increase heat
absorption and reﬂection (what is called the urban heat island effect). Tomorrow’s urban precincts will
have to offer new forms of green spaces, both for recreation and also to mitigate the warmer urban
climate. In addition, future urban precincts will have to generate at least half of their power themselves.
Integrated urban development with a focus on energy, water, greenery and the urban microclimate will
have to assume a lead role and urban designers will engage with policy makers in order to drastically
reduce our cities’ consumption of energy and resources. This paper introduces the holistic concept of
green urbanism as a framework for environmentally conscious urban development. Then one of
Australia’s largest urban renewal projects: the Barangaroo waterfront development at East Darling
Harbour in Sydney. At Barangaroo, all roofscapes will be green roofs, contributing to the mitigation of
the urban heat island effect and collecting rainwater; this inner-city precinct is setting new standards
for Australian urban renewal, including solutions for environmental, energy and roofscape issues.
 2014 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
All cities are inherently evolutionary, always transform-
ing and never ‘completed’. Planners have now started to
think about cities as complex biological and natural sys-
tems that are analogous to self-sufﬁcient living organisms.
Tomorrow’s urban precincts will have to generate at least
half of their power themselves, locally and on-site. This will
not be possible without zero-energy and plus-energy build-
ings. These are already state-of-the-art, and the next stage,
with the city district itself acting as a ‘power plant’, is now
coming. Precincts that generate all the power they need on
their own through decentralized systems for renewable
energy (using solar PV, biomass, micro wind turbines or
geothermal technology) will make city planners’ age-old
dreams of inexhaustible clean energy come true. The secure
provision of renewable energy and green urban transfor-mation is fast becoming a reality for our society and a ma-
jor planning focus around the globe. However, realizing this
dream requires the input of policy makers, power suppliers,
researchers, architects and planners, and citizens alike.
The world continues to urbanize. Today we ﬁnd
shrinking, undynamic and insufﬁciently developed urban
precincts with limited investment and obsolete infrastruc-
ture alongside fast-growing, dynamically changing pre-
cincts. We need innovative and comprehensive strategies
that enable us to more effectively manage the coming
demographic and structural changes (Lehmann and Crock-
er, 2012).
But is the city as we know it today sustainable? Inte-
grated urban development with a focus on energy, water
and the urban microclimate will have to assume a lead role
and policy makers will have to engage with it in order to
drastically reduce our cities’ consumption of energy, water
and resources (ICLEI, 2007). The ‘low-carbon precinct’ con-
cept must be developed further into that of a plus-energy
city district that is compact, mixed-use and well-connected
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mum 30–40 per cent of the area) should be dedicated to
public green space to maximize open space while allowing
for higher densities. This approach will give cities new
functions and ﬁelds of action that will be instrumental in
creating the so-called low-carbon city. The challenges
resulting from this are part of what I call the post-industrial
condition of waterfront spaces, where dock and working
harbour functions have moved away to allow for a new
type of inner-city public waterfront. Barangaroo in Sydney
is such a new precinct; it will be introduced later in this
chapter.Fig. 1. The 15 principles of green urbanism and their interconnections. (Lehmann,
2010)The climate-friendly, energy-optimized and resource-
efﬁcient city
All around the world cities face challenges and need to
take action – even if the contexts may differ from Australia
to the Asia–Paciﬁc region, from the Americas to Europe.
What a climate-friendly and energy-optimized city should
look like is one of today’s central questions (Brown,
2009). In the Asian region the main issues are rapid growth
and urbanization processes and the related migration of
people. The US, Canada and Australia are exploring strate-
gies to reduce their unsustainable urban sprawl and enor-
mous dependency on automobiles. In Germany and other
European countries, the focus is mainly on the energy-efﬁ-
cient conversion of existing buildings and on optimizing
material and energy ﬂows, as the new construction rate is
only around 2 per cent (Lehmann, 2012). Almost 40 per
cent of European cities are now shrinking and many others
are stagnating, while a few popular cities enjoy growth and
investment. The growing cities are the ones with high live-
ability indicators, popular with a skilled workforce in a
globalized and increasingly knowledge-based society.
Design concepts for new urban precincts will need to
guide the inclusion and re-introduction of biodiversity into
the urban built environment. Preserving biodiversity in the
face of urbanization, habitat fragmentation, environmental
degradation and climate change is probably one of the
greatest challenges of our time. Tomorrow’s urban pre-
cincts will have to offer new forms of green space for recre-
ation, but also to mitigate the warmer urban climate and
risk of heatwave impacts and the urban heat island effect.
How, then, can the transition to the post-industrial plus-
energy city be achieved? Green urbanism is a holistic con-
cept for tomorrow’s plus-energy urban precincts that is
based on the consistent, sound use of energy, land, water,
green spaces, materials and mobility. Its long-term goals
are zero emissions, zero waste and the avoidance of en-
ergy/water/material wastage. These goals will be achieved
through the intermediate stage of the low-carbon city. This
will always include promoting socially and ecologically
sustainable urban districts and precincts (see Fig. 1 and
Table 1). Similar principles have already been successfully
implemented in Vauban, a green precinct of Freiburg im
Breisgau (Germany), in Hammarby-Sjöstad in Stockholm
and Malmo (Sweden), and in Copenhagen (Denmark).
These are sustainable and walkable precincts with short
distances between living and working. The ‘city of short
distances’ is a sustainable model that is now being
emulated all over the world.Sustainable urban growth: the holistic framework of
green urbanism
Green urbanism is a holistic concept of sustainable
urban systems and interconnected features, enabling exis-
tence and change (growth or shrinkage) without negatively
impacting planetary life support systems and ecosystems.
It is a particular form of urbanism that is concerned with
a healthy balance between the city, the peri-urban area
and its surrounding (and supporting) hinterland. Green
urbanism also underpins practical action in order to shape
the urban environment in a sustainable way (see Table 1).
The principle-based concept of green urbanism was
developed in the late 1990s, promoting more compact en-
ergy-efﬁcient urban development, seeking to transform
and re-engineer existing city districts and to regenerate
the post-industrial city centre, promoted at the same time
by Beatley in the USA (2004), and by Lehmann in Europe
and Australia (2005). Since then, the concept of green
urbanism has been adopted in many parts of the world.
Several Australian cities have recently formulated metro-
politan plans that espouse strategies such as alternative
energy generation, using combined-heat-and-power co-
generation within urban districts, offsetting construction
impact with green roofs and green facades, and integrating
more green space to mitigate the urban heat island effect.
These public green spaces can come in all sizes, from inti-
mate small gardens, to urban farming and community gar-
dens, to more formal parks, to meadows and urban forests
– all reintroducing biodiversity into the built environment.
Other factors such as reducing the risk of urban ﬂooding,
stormwater harvesting, new concepts of efﬁcient public
transport and eco-mobility, resource recovery through
local waste recycling, biodiversity protection, and the
establishment and re-establishment of ecological connec-
tions have also been considered in these plans.
Table 1
The 15 principles of green urbanism. Source: Lehmann (2010).
The 15 principles of green urbanism Sample recommendations
Principle 1: Climate and context
All urban development must be in harmony with the speciﬁc characteristics, site
factors and advantages of each location. Every city is different and will need to
identify its unique solutions
Start any strategic planning process by mapping the city’s location and identifying
its assets. Plan for development that works with the urban climate and bio-
regional context
Principle 2: Renewable energy for zero CO2 emissions
The city should be a self-sufﬁcient on-site energy producer, using decentralized
district-based energy systems for zero CO2 emissions through renewable, smart
electricity grids for efﬁcient use of energy
De-carbonize the energy supply; increase solar power to 10 per cent of the energy
mix by 2020; install smart grids and make solar hot water mandatory; generate at
least 50 per cent* energy on-site using renewable sources including precinct-scale
wind turbines and small-scale biogas plants. Encourage this through feed-in tariffs
Principle 3 Zero-waste city
The zero waste city is a circular, closed-loop ecosystem through waste
management and resource recovery that stops waste materials from going to
landﬁll or incineration
Implement ‘zero waste city’ ideas and plans; increase resource recovery rate
towards 100 per cent and stop land ﬁlling. A minimum 50 per cent of on-site
renewable energy generation should be the aim of all planning proposals,* with
the energy mix coming from decentralized energy generation and taking into
account locally available resources, as well as the cost and availability of the
technology
Principle 4: Water
Closed urban water management and high water quality allows for sustainable
water management to ensure water security through wastewater treatment
and sensitive urban water management.
Use solar-powered desalination and recycle wastewater; keep fresh water
consumption below 125 litres p. person p. day. * Construct wetlands to purify and
recycle grey water.
Principle 5: Landscaping, gardens, green roofs and biodiversity
The city should integrate landscaping, urban gardens and green roofs to maximize
urban biodiversity, including landscape strategies of productive open spaces
Continue tree planting programs and increase tree planting in streets.
Constructing wetlands to purify and recycle grey water (see Principle 4
recommendation) will also improve landscaping and biodiversity
Principle 6: Transport and space
The city of eco-mobility would have a good public space network and an efﬁcient
low-impact public transport system for post-fossil-fuel mobility
Invest over 6 per cent of GDP in public transport,* expand tramlines and introduce
free hybrid buses. Offer multi-modal public transport systems: a high number of
connections and choices, frequent trams and buses, and safe pedestrian and cycle
networks. Improve streets by giving greater priority to pedestrians and cyclists
Principle 7: Local materials
Construction in the city should use regional, local materials and apply pre-
fabricated modular systems.
Use engineered timber construction systems and make recyclability and re-use of
construction elements compulsory. Use local materials with less embodied energy
Principle 8: Density and retroﬁtting
The city should promote retroﬁtted districts, urban inﬁll and densiﬁcation/
intensiﬁcation strategies for existing neighbourhoods
Continue street upgrading and introduction of bike lanes. Improve pedestrian
connectivity with additional crossings. Make public space more useful with
natural elements designed for active living
Principle 9: Green buildings and districts
The city should apply deep green building design strategies and offer solar access
for all new buildings using passive design principles
Re-introduce passive design principles for building approvals and demand higher
ratings. Promote energy-saving building designs and full home insulation. Offer
better housing choices and more diversity in urban inﬁll
Principle 10: Liveability, healthy communities and mixed-use
The city should prioritize affordable housing, mixed-use programs, and a healthy
community
Include min. 25 per cent affordable housing in every development* and use
modular prefabricated construction systems. Reduce taxation of inner-city
housing. Increase retroﬁtting and adaptive re-use of heritage buildings
Principle 11: Local food
The city should create a local food supply, with high food security and urban
agriculture
Introduce urban farming in at least 20 per cent of the public parks.* Create
community gardens. Maintain urban hinterland for food production. Restore
connections to natural ecosystems within the urban ecosystem
Principle 12: Cultural heritage
The city should promote public health and cultural identity, becoming a safe and
healthy city, which is secure and just
Protect existing structures; demand and facilitate more adaptive re-use by
relaxing the building code. Consult and involve communities to ensure genuine
commitment
Principle 13: Governance and leadership
The city should apply best practice for urban governance and sustainable
procurement methods
Innovate public policy, roll-out incentives and subsidise the clean-tech sector.
Create public–private partnerships to facilitate change. Involve community groups
and NGOs
Principle 14: Education, research and knowledge-sharing
The city should provide education and training for all in sustainable urban
development
Invest 3 per cent of GDP in research and innovation*; strengthen university
education programs to include climate change impact. Facilitate sustainable
behaviours and provide incentives for long-term behaviour change by positively
inﬂuencing values and attitudes to reduced consumption. Remove policies that
encourage wasteful consumption (e.g. fuel subsidies)
Principle 15: Strategies for cities in developing countries
Cities in developing countries should adopt particular sustainability strategies,
harmonizing the impacts of rapid urbanization and globalization
Cities require adjusted strategies appropriate for the developing world, e.g. low-
cost building and mass housing typologies for rapid urbanization; gender-
sensitive and pro-poor approaches to development
* All suggested ﬁgures are benchmarks derived from current best practices.
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zero framework of:
 zero fossil-fuel energy use,
 zero waste, and
 zero carbon emissions.
It must be noted, however, that in order to enable sus-
tainable urban development and to ensure that eco-dis-
tricts are successful on many levels, all urban design
components and sectors need to work interactively and
cannot be considered separately. This requires a holistic
understanding of existing life cycles associated with each
development site, including the study of complex energy/
water/materials ﬂow patterns within and beyond the site.
Where these interconnections may have been broken or
destroyed, the design process must involve regenerative
elements, such as the re-establishment of native species.
The following table outlines the ﬁfteen principles of
green urbanism and provides sample recommendations of
how they could be implemented.Precinct-wide decentralized systems transforming cities
district by district
Our cities will continue to demand increasing amounts
of land and energy (Droege, 2008; Scheer, 2006), consume
large quantities of raw materials and produce increasing
amounts of waste. At the same time, however, the econo-
mies of scale of cities give us the opportunity to make
renewable energy sources more economically viable. How
can this be done? Because cities require enormous amounts
of energy, our energy and transport systems must quickly
be transformed in such a way that they can run as much
as possible – but at least 50 per cent – on local renewable
energy sources. The energy mix should take into account
the costs and availability of technologies. Generated and lo-
cally stored electricity can be transmitted and distributed
through an intelligent power network, a so-called smart
grid. Thus, precincts in the zero-emission city will trans-
form from power consumers into power producers. They
will become local power plants and will use photovoltaics,
solar heat generation and refrigeration, wind energy, bio-
mass, geothermal energy, energy from micro-hydropower
plants and other clean technologies. The role of large power
suppliers will also have to change from monopolists to ser-
vice providers for many small, decentralized producers and
consumers.
Precinct-wide decentralized systems will become more
common and allow districts to generate their own energy,
collect and clean their own water and even produce their
own food through urban agriculture, therefore enabling
precincts to be more autonomous and self-sufﬁcient. What
will be crucial in a precinct of this type is the technological
interaction and the interconnectedness between individual
buildings. New infrastructure concepts such as co-genera-
tion for district heating or district cooling (or even tri-gen-
eration, which produces district-wide chilled water for
cooling) and the integration of new mobility concepts such
as car sharing, car pooling, bike stations and cycling lanes,
and an increased share of electric mobility, will also be nec-
essary. The concept also includes local energy associationsin which individual buildings support and balance each
other through intelligent power distribution and integra-
tion by following exergy principles to recover waste heat,
for instance, contained in sewage. They will optimize the
share of self-generated power for their own consumption
so that entire precincts will become independent from
the public grid. Electro-mobility will reduce carbon emis-
sions, air pollution and street noise and will enable us to
naturally ventilate the buildings again. Thus, for example,
balconies can again be built overlooking city streets and
not facing away from them.
Even if we succeed in solving the energy problem this
way for the time being, modern cities will require massive
amounts of additional resources (Girardet, 1999; Moewes,
1995). This is why the zero waste concept is also important.
It implies putting an end to material wastage in construc-
tion and production processes and recovering 100 per cent
of resources (Lehmann, 2013a). Waste will be treated as a
valuable resource that must not be incinerated or buried
but will be fully reutilized, where necessary through urban
mining.
Material consumption must be decoupled from eco-
nomic growth. Thus, zero waste should be taken into ac-
count in the initial development of products, buildings
and processes. This requires a manufacturing and architec-
tural design approach that combines prefabricated building
components in such a manner that they can be easily disas-
sembled and re-utilized later. In this concept the urban
mass balance and an input–output analysis of urban mate-
rial ﬂows are of particular importance. For example, local
timbers should be used in order to keep environmental
pressure from construction as low as possible. The timber
building components can be planned and ﬁtted in such a
way that they remain untreated, have a long useful life,
and can be removed and separated again in an ecologically
and economically efﬁcient way with few losses for subse-
quent reutilization, recycling or thermal exploitation (tak-
ing into account ‘design for disassembly’ and ‘design for
recycling’ principles) (Merl, 2005).Urban renewal with a sustainable value system,
behaviour change and social innovation
Clean technology alone is not enough. We also need sus-
tainable consumption and a reduction in wasteful behav-
iour, that is, the transformation of our value systems and
consumer behaviour (Deloitte Touche Tohmatsu, 2011;
Rifkin, 2011). Unsustainable consumption, especially in
the cities of Asia –for example in the People’s Republic of
China, where consumption levels are rising particularly fast
– is one of the big unsolved challenges that must be
addressed urgently in order to avert a supply disaster.
The transformation of the modern city must also inte-
grate its inhabitants and their needs. For urban dwellers
it is crucial that they have a say in this transformation.
Moreover, the instigators of integrated urban development
need to have full support from administrators and policy
makers to be able to implement ideas, concepts and ap-
proaches of the city of tomorrow. Politicians therefore need
to act quickly to create the enabling conditions for the
implementation of ‘plus-energy precincts’ (Lehmann,
2013b). Local actors must be engaged and encouraged to
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make cities attractive once again as living spaces for di-
verse and vibrant population groups, as places of social
inclusion and integration that include improved services
for ageing inhabitants. In Australia, Canada and the USA
we have recently seen a growing focus on community val-
ues and place making, meaning the creation of public
spaces with character. All this will help transform city
dwellers from passive consumers into active and engaged
citizens.
In order to achieve climate protection goals, measures
will have to be taken that go beyond energy-efﬁcient
building refurbishment and retroﬁtting (UN ESCAP, 2012).
In the long term, strategic planning approaches to viable,
sustainable urban transformation, a low-carbon city and a
zero-waste city will gradually lead to zero emissions and
maximum material efﬁciency.Vegetation, green roofs and urban microclimates
Increased urbanization has led to changes in land cover,
which directly inﬂuences the urban microclimate through
landscape consumption and displacement of nature. Many
local effects in cities, such as topography, building geome-
try and dimensions, density, facade and roof materials, the
albedo of surfaces, urban canyons, pollution from transport,
and the integration of greenery, have great impacts on the
temperature proﬁle of any precinct or district (Jusuf, Wong,
& Chong, in press).
A living wall on a facade or a green roof can offer an
additional insulating layer to a building, helping to provide
a buffer to exterior temperatures, maintaining the temper-
atures inside. Various forms of greenery can exist in urban
precincts, such as parklands, gardens, green roofs, vertical
greenery, urban farming, nature reserves and planting of
extensive vegetation; all acting as sources of moisture for
evapotranspiration (evaporative cooling), where the ab-
sorbed solar radiation can be dissipated as latent heat
and thus aid in reducing urban temperature (Chen & Wong,
2006). Therefore green roofs can greatly reduce rooftop
surface temperatures, reduce ambient air temperatures,
improve human thermal comfort and create energy savings
for buildings.
The green roof has a long history in architecture, for in-
stance in cities and towns around the Mediterranean Sea,
where it has been commonplace for centuries to use roof-
tops as living and garden spaces (roof gardens), compensat-
ing for lost space on the ground. In the 1930s the modernist
vision of Le Corbusier (e.g. in ‘Ville Radieuse’, 1930, Le
Corbusier discussed the idea of the ﬁfth façade or ‘living
on the roof’, inspired from Mediterranean vernacular archi-
tecture; in the same year, his design for an apartment on
the roof of a building in Paris is one of the ﬁrst Modern
Movement projects featuring living on the roof) and others
reintroduced the green roof as a garden substitute on top of
the building. In the 1990s the green roof reached technical
perfection when Germany established generally acknowl-
edged standards for green roof construction, including
how to properly detail a safe and successful engineered
green roof that does not leak. These standards deﬁne engi-
neered rooftop systems and their layers, with a waterproof
membrane, thermal insulation, a root barrier, a moistureretention layer, a drainage layer, ﬁlter fabric and a planting
medium on top.
In general, roofs with greater soil depth are heavier, but
can better retain moisture and maintain more stable soil
temperatures, thereby offering a more stable ecosystem
for plant materials and accommodating a broader range
of species. Classical roof gardens are heavy in weight with
deep soil proﬁles (over 6 inches/150 mm), intensive in
maintenance and planted with intensive greenery such as
larger plant species. However, the commonly used light-
weight green roof of today is quite different: it costs a frac-
tion of a roof garden, is lightweight with thin soil proﬁles
and requires minimal maintenance. Usually, green roofs
are not accessible and are mainly installed for environmen-
tal performance and visual improvement (Dunnett &
Kingsbury, 2004; Werthmann, 2007).
Today we can ﬁnd a huge amount of literature on green
roofs. In addition, an extensive literature supports the fact
that vegetation and greenery mitigates the urban heat is-
land (UHI) effect (Ashie, 2008; Butera, 2008; Dahl, 2010;
Erell, Pearlmutter, & Williamson, 2011; Gartland, 2008;
Oke, 2006). It is well established that plants have a cooling
effect and therefore can be used strategically in urban and
architectural design. There is evidence that a combination
of vegetation and lighter colour, using the albedo effect,
can keep buildings and roofs cooler. In addition, plants con-
vert carbon dioxide and are nature’s primary strategy in
carbon sequestration. Studies have found that greenery
even increases the value of urban properties, based on
visual and social value, so that we can now put a price on
urban greenery (Killicoat, Puzio, & Stringer, 2002).
Green roofs and walls are commonly reported to provide
urban heat mitigation at low cost, and to cool buildings
through their insulation effect, hence reducing energy
transfer into buildings. However, green roofs and walls de-
pend on the design detail and how they are built. Green
roofs have often disappointed when their performance
was measured, for example they displayed a low biodiver-
sity, as many green roofs do not contribute much to diver-
sity of plant species or animal habitat (Coutts, Daly,
Beringer, & Tapper, 2013). Crucial parameters for green
roofs are rooftop surface albedo, substrate depth, vegeta-
tion species, density of planting, watering regime/soil
moisture and whether the roof is generally an extensive
or intensive green roof. Tests have shown that irrigation
improves the performance of green roofs due to increased
evapotranspiration, but uses more water (this can be re-
solved with recycling of greywater and stormwater
harvesting).What exactly is the urban heat island effect?
A built-up environment has signiﬁcant inﬂuence on
urban air temperature, which has been found to be consid-
erably warmer than its surrounding rural or peri-urban
areas. This phenomenon is called the urban heat island
(UHI) effect, where urban structures absorb solar heat
(radiation) during the daytime and release it back to the
environment at nighttime (Oke, 1981). The UHI effect is
present in all cities of all climatic regions and occurs due
to increased urbanization where anthropogenic heat and
Figs. 2 and 3. Greenery integrated in facades has been successfully applied in buildings in Singapore and Seoul: facade of an ofﬁce building in Singapore (left) and the internal
green wall in the atrium of Seoul City Hall. (Photo: S. Lehmann, 2012)
Fig. 4. Cheonggyecheon Park in the City of Seoul. This 5.8 km long denaturalized
creek in the city centre is part of an urban renewal project that contributes to the
improvement of the urban microclimate in Seoul’s urban centre. (Photo: S.
Lehmann, 2013a)
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surfaces and atmosphere.
For instance in the city of Athens, where the mean heat
island intensity is found to exceed 8–10 C, the cooling load
of buildings in the urban area has been found to be double,
and the peak electricity load for cooling may even be triple,
the usual amount because of the higher ambient tempera-
tures (Santamouris, 2001; WMO, 2013). Consequently,
such higher temperatures caused by the UHI effect have
an impact through an increased demand for cooling energy,
while this increased demand for air-conditioning will cost
users more in order to maintain their comfort levels and
creates more greenhouse gas emmissions.
Introducing greenery in cities is seen as the most cost-
effective strategy for mitigating the urban heat island
effect, because greenery helps to cool the environment
through the process of evapotranspiration where large
amounts of solar radiation can be converted into latent
heat. In Singapore and Seoul, for instance, the integration
of vegetation and greenery into architecture has success-
fully been used for more sustainable urban development,
cooling buildings, districts and reducing energy loads (see
Figs. 2–4). Furthermore, greenery creates a pleasant urban
environment and has a positive impact on users’ comfort
level by reducing the air temperature. During daytime,
trees and planting provide shading, while at nighttime
the cooling effect of trees and planting comes from the
evapotranspiration process.
Fig. 4 (continued)
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In Australia, despite ideal conditions (plenty of sun,
wind and biomass), renewable energies supply only around
11 per cent of total electricity demand. The government of-
ten lacks the will to increase this quota and the coal lobby
is all too powerful. However, this is now starting to change.
In Sydney, in the central harbour district of Barangaroo
South, a plus-energy precinct is currently being built
according to plans drawn up by British architect Richard
Rogers and others. This extension of the existing waterfront
and central business district is a mixed-use precinct which
will generate a large portion of its power itself using solar
and co-generation systems (tri-generation technology); it
is scheduled to be completed in 2018. Around half of the
22-hectare site is being converted into public space with
new public parklands and water taxi terminals. This new
harbour precinct will have excellent connections to the
existing public transport system and will be home to
around 1200 residents, 23,000 ofﬁce workers and offer
more than 2.5 ha of public waterfront space (see Figs. 5
and 6).
In the past, Sydney has had several high-proﬁle urban
waterfront redevelopment projects, from Darling Harbour
to Circular Quay and Walsh Bay, but Barangaroo is the ﬁrst
one with the ambition to become carbon neutral (a state
the developers claim it will achieve after around 36 years
of use). The developers expect that ‘this dense new precinct
will create an engaging, active and vibrant waterfront
precinct with over half of the site assigned for public andFigs. 5 and 6. Visualizations of the new Barangaroo South precinct, East Darling Hrecreational space, including 2.6 ha of waterfront public
space, with the Barangaroo foreshore promenade – a
continuous 30-metre wide public foreshore walk.’
(Barangaroo Delivery Authority/Lend Lease., 2013). Their
statement continues:
The total approved building footprint of this develop-
ment is 121,000 sqm, which allows for a total of combined
green roofscapes of around 60,000 sqm. The architects and
landscape architects gave the well-established reasons for
using extensive green roofs: longer roof lifespan, greater
heat and sound insulation, reduced cooling loads and
heating system needs (hence reduced greenhouse gas
emissions), and a cutback in stormwater runoff. It is also
expected that the green roofs will deliver health beneﬁts,
decrease dust in the city and offer visually appealing
outdoor roof spaces high above the harbour.
In Barangaroo, the lessons learnt from less successful
green roofs have been taken on board to maximize overall
beneﬁts in terms of urban heat mitigation and energy
transfers into buildings; as the project is currently under
construction, we will have to wait to see the outcome.Suburbs are not being sufﬁciently discussed
In terms of sustainability, detached, energy-efﬁcient
buildings outside the city can never be superior to an ur-
ban, re-densiﬁed precinct. Instead of considering individual
plus-energy houses outside their urban context, we must
appraise these buildings in relation to the energy needed
for their use within their location. Thus, for example, a
plus-energy house far outside the city centre is always less
efﬁcient because the costs involved in its development and
the long travel distances for shopping and other daily
necessities must be added to the calculation (Hegger,
Fuchs, Stark, & Zeumer, 2007). Living in a re-densiﬁed,
compact inner-city location is always more favourable
because it consumes fewer resources, particularly when
precincts generate most of their own power from renew-
able energy sources.
As city centres no longer provide affordable living space
for families and are less and less places of social inclusion,
residents move to suburbs scattered on the outskirts.
Suburbs are expanding fast, with developments sprawling
out into the landscape, destroying valuable cropland and
precious agricultural land, making us even more dependent
on cars and food imports.
Is the alleged energy-efﬁcient rehabilitation of the
suburbs a big hoax invented by the insulating materialsarbour, Sydney, scheduled to open by 2018 (Courtesy: Lend Lease, Sydney).
8 S. Lehmann / City, Culture and Society 5 (2014) 1–8industry, which is currently making a fortune? Would it
not be more ecologically sustainable to densify cities
intelligently and convert unused ﬂat roofs into gardens
and green roofs so that commuters could remain in the
city instead of driving out to the suburbs in their
fossil-fuel burning cars, a trip on which they burn ten
times more energy than they save with their insulating
plaster? And all of this just to be in a ‘house with
garden’, which is often a big self-deception, too. After
discounting the house and two carports, a shed for
bicycles, a lawnmower and a barbecue, and a veranda,
many properties of 500 sqm offer just 50 sqm of left-over
garden space.
Conclusion and further research
Urban planners, architects and designers should ﬁnd
ways to preserve biodiversity as cities expand, and subse-
quently modify natural habitats. Such efforts would most
likely focus on preserving as much remnant natural habitat
as possible, as opposed to most current land development
techniques, which remove most natural vegetation during
construction. Ecological connections may be created and
reinstated on a smaller scale within urban environments,
for example in the form of urban farming, roof-top garden-
ing and green walls.
Sustainable urbanization will not be possible without
zero-energy and even plus-energy precincts, such as
Barangaroo in Sydney. Integrated urban development
with a focus on energy, water, greenery and the urban
microclimate will have to assume a lead role and engage
with policy makers in order to drastically reduce our cities’
consumption of energy and resources.
The effectiveness and beneﬁts of green roofs and
green walls has been studied extensively and is well
documented. Based on its natural cooling effect through
the process of evapotranspiration, introducing greenery
is still seen as one of the most cost-effective strategies
for mitigating the urban heat island effect. Green roofs
and walls are commonly reported to provide urban heat
mitigation at low cost, and to cool buildings through
their insulation effect, hence reducing energy transfer
into the buildings. However, green roofs and walls
depend on the details of their design and how they
are built.
Still more research is necessary on optimizing such
urban systems, including renewable energies and green
roofs. But the bureaucracy around these technologies
frequently puts the brakes on innovation, and little re-
search is conducted in areas in which no or little subsidies
beckon, for example storage technology to store surplus
renewable energy. As a consequence, technical progress
is hobbled by the ploddingly predictable imagination of
civil servants.
Clearly, more research is necessary in many areas to ad-
vance planning theory in the management of contemporary
urban change and support more informed planning policy
and the evidence base for new low-carbon precincts. Green
urbanism principles can assist with these endeavours if
they are applied with integrated design principles and a
focus on regeneration.References
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